INTRODUCTION {#s1}
============

Hip fracture is an extremely common and severe injury experienced by elderly people[@r1]^)^, and its incidence increases with age. The total number of hip fractures is expected to increase because of aging of the population[@r2]^)^. It is expected that the number of hip fractures will increase progressively to 2.6 million by 2025 and to 4.5 million by 2050[@r3]^)^. Hip fractures are also associated with increased risk of hospitalization and institutionalization[@r4]^)^. Therefore, effective hip fracture rehabilitation strategies must be considered. There is also a need for discharge planning, that is planning and making arrangements for discharge of patients from inpatient rehabilitation unit as soon as possible.

Previous studiy have demonstrated that a discharge Functional Independence Measure (FIM) motor score of 58 provides good discriminatory ability for the classification of hip fracture patients to discern those to be discharged into the community and those to be discharged into institutions[@r5]^)^. Although a FIM score of 58 is useful for discharge planning decisions for hip fracture patients, selection of this cutoff point assumes that the patient is part of a close family structure. Factors associated with discharge to home include not only younger age and the ability to perform activities of daily living (ADL) independently but also living with another person[@r6]^)^. The number and often the percentage of older people living alone is increasing in many countries[@r7], [@r8]^)^. Remaining in one's own home is important for elderly people[@r9]^)^. Older people, even those living alone, prefer to reside in their own home[@r10]^)^.

Reportedly, cognitive function is the most important factor affecting the decision to return to one's own home and for regaining pre-fracture function[@r11]^)^. Therefore, cognitive status might also be important for hip fracture patients living alone. Nevertheless, it remains unclear which factor and cutoff point are the most useful to screen for discharge to home in patients with hip fracture living alone. After inpatient rehabilitation, even if the patient lives alone at home, some hip fracture patients would be discharged to return home. Therefore, ascertaining the necessary capabilities for discharging a patient to live alone at home is important for rehabilitation goal setting.

The goals of this pilot study were the following: 1) to identify appropriate clinical tests on admission for the discharge destination and 2) to ascertain the cut point functional score that best differentiates patients discharged to home when living alone at home. A cutoff point is expected to be useful for discharge planning. The present study is expected to help to predict the discharge destination of patients living alone.

SUBJECTS AND METHODS {#s2}
====================

We conducted a pilot cross-sectional study of hip fracture patients who were discharged between September 2009 and September 2014 from a 199-bed hospital located in Aichi, Japan. In all, 706 hip fracture patients were admitted to the inpatient rehabilitation unit. The inclusion criteria were as follows 1) 65 years old or older; 2) living alone in their own home before fracture, and 3) no change in family structure on hospital discharge. Three patients with missing data were excluded. Ultimately, 54 hip fracture patients (15 males, 39 females; mean age 81.3 ± 7.4 yr) who met the criteria were included in the study. All patients hospitalized received standard physical therapy (i.e., walking, climbing stairs, balance, muscle strength, and range of motion) and occupational therapy (i.e., basic ADL, instrumental ADL, and environment advice). Physical and occupational therapy were administered approximately 1.5 hr/day, 6--7 days per week. Patients were classified into those discharged to home (home group) and those admitted to an institution (institution group).

The study protocol, which met the standards of the Declaration of Helsinki, was approved by the research ethics committee of Seijoh University and Tokai Memorial Hospital. This study was retrospective. Therefore, written informed consent was not required for the use of patient data.

Data were collected from medical records: age, gender, fracture type (intercapsular fracture or extracapsular fracture), right/left side of fracture, and comorbidities. Because Alffram[@r11]^)^ found greater numbers of left hip fractures, data on the side of fracture were collected. The recorded comorbidities were cardiovascular disease, stroke, respiratory disease, diabetes, rheumatoid disease, Parkinson's disease, and malignant disorder. The number of comorbidities was dichotomized into either 0--1 or \> 1[@r12]^)^. Moreover, at the time of admission to the inpatient rehabilitation unit, patients were evaluated for their FIM level of functioning. The FIM has two unidimensional subscales: the motor subscale, consisting of 13 items related to self-care, transfers, and locomotion, and the cognitive subscale, consisting of 5 items related to comprehension, expression, and memory[@r13]^)^. Each item is assigned a rating of 1--7, where 1 denotes the necessity for total assistance and 7 denotes complete independence. The FIM has been demonstrated to have good reliability, validity, and responsiveness[@r14]^)^. Patients were assessed on the day of admission to the inpatient rehabilitation unit or on the next day.

Data were collected and analyzed using software (IBM SPSS Statistics for Windows, Version 22, IBM Japan Ltd., Tokyo, Japan). Independent t-tests were used to examine differences in age, admission FIM motor scores, and FIM cognitive scores of patients discharged to home and those admitted to an institution. χ^2^ tests and Fisher exact tests were applied for intergroup comparison of gender, right/left side of fracture, fracture type, and comorbidity number. A stepwise multiple logistic regression analysis was used to identify significant predictors of discharge to home after rehabilitation. A multiple logistic regression analysis was conducted, with discharge to home as the dependent variable and age, gender, FIM motor score, FIM cognitive score, side of fracture, fracture type, and comorbidity number as independent variables. For the significant predictor of the discharge destination after rehabilitation identified in the stepwise logistic regression analysis, receiver operating characteristic (ROC) curves were used. Then the area under the curve (AUC) was computed to evaluate discriminative ability. The Youden index was used to calculate a cutoff point for the larger AUC. AUC values of 0.9 and above, 0.7--0.9, and \< 0.7 indicate high accuracy, good accuracy, and low accuracy, respectively[@r15]^)^. Statistical significance was inferred for p \< 0.05.

RESULTS {#s3}
=======

Characteristics and functional levels of the patients are presented in [Table 1](#tbl_001){ref-type="table"}Table 1.Characteristics of the patients discharged to home and admitted to institutionsVariableHome group\
(n = 37)Institution group\
(n =17)Age mean (SD), yr79.3 (7.2)85.1 (6.5) \*Gender (female), %7371Side of fracture (right), %4647Type of fracture (extracapsular fracture), %5441Comorbidity (\> 1), %2235FIM motor score mean (SD)62.1 (13.8)45.2 (18.5) \*FIM cognitive score mean (SD)29.2 (4.8)21.4 (8.2) \*Values are means (standard deviation) or percentages. p values were calculated using a t-test or χ^2^ test. \*p \< 0.05. Thirty-seven patients were classified into the home group (69%), and 17 were classified into the institution group (31%). The respective mean ages (standard deviation) of the home group and institution group were 79.3 (7.2) and 85.1 (6.5) years. The mean age of the home group was lower (p = 0.006). The FIM cognitive scores on admission were significantly different between groups (home group, 29.2; institution group, 21.4, p = 0.001).The same was true for the FIM motor scores (home group, 62.1; institution group, 45.2, p \< 0.001). No differences were found in other characteristics between groups.

The multiple logistic regression analysis identified the FIM cognitive score (odds ratio, 1.185; 95% confidence interval (CI), 1.018--1.379, p = 0.029) as the factor determining the discharge destination ([Table 2](#tbl_002){ref-type="table"}Table 2.Results of multivariate logistic analysis to investigate independent factors in patients discharged to homeCoefficient (B)Standard errorWaldpOdds ratio95% confidence intervalAge−0.0990.0563.0760.0790.9060.812--1.012Gender−0.7831.0890.5170.4720.4570.054--3.863Side of fracture−0.0930.7800.0140.9050.9110.198--4.200Fracture type0.9470.8421.2650.2612.5780.495--13.423Comorbidities0.3990.9270.1850.6671.4900.242--9.163FIM motor0.0510.0283.2950.0701.0520.996--1.111FIM cognitive0.1700.0784.7840.0291.1851.018--1.379). Therefore, the FIM cognitive score was eliminated from the ROC analysis.

The AUC for the FIM cognitive score was 0.787 (95% CI: 0.639--0.935). The cutoff point calculated for the FIM cognitive score, based on the Youden index, was 23.5 (specificity, 0.919; sensitivity, 0.647).

DISCUSSION {#s4}
==========

The present study revealed 1) that the FIM cognitive score on admission is a significant predictor of discharge to home and 2) that the cutoff point is 23.5 for patients with a hip fracture living alone in the community.

Absence of a partner is a risk factor for patients discharged to their own home[@r16], [@r17]^)^. Living alone is usually associated with an inability to return home after a person experiences hip fracture[@r18]^)^. These results can be regarded as clinically significant for hip fracture patients. However, after inpatient rehabilitation, some hip fracture patients are discharged to return home, even if they live alone. In recent years, because the number of elderly people living alone has tended to increase, factors predicting which hip fracture patients living alone can be discharged to home are important when considering discharge.

Age, FIM motor score, and FIM cognitive score were significantly different between the home group and institution group. The results of the present study demonstrated that older patients are discharged less frequently to their own homes. Chin et al.[@r19]^)^ and Deakin et al.[@r20]^)^ reported that older people are discharged to their own homes less often. The results of the present study also suggest that increasing age is a risk factor affecting the discharge of hip fracture patients to their homes when the patients are living alone. Moreover, Takeda et al.[@r21]^)^ reported that the FIM motor score enables determination of whether hip fracture patients should be discharged to their own home. However, in this study, logistic regression analysis revealed that the FIM cognitive score was a significant predictor of discharge to home. Wang et al.[@r5]^)^ reported that the FIM motor rating demonstrated good discriminatory ability for classifying the discharge setting and that a FIM motor rating of 58 at discharge might be an important threshold for increased likelihood of discharge to the community. However, the subjects of their study were certainly not all living alone. In contrast, all patients examined in the present study were living alone. The AUC of the FIM cognitive scores showed a high discriminative value (0.787), which suggests that the FIM cognitive score shows good discriminative capability to predict the discharge destination of hip fracture patients living alone in a community. The optimal cutoff point for the FIM cognitive scores was calculated to be 23.5 based on the Youden index for hip fracture patients living alone: such patients in a community would be expected to show a FIM cognitive score of 24 on admission, or higher. A patient living with family members might be discharged to return home by raising his/her independent motor function status to the greatest degree possible. A cognitive deficit decreases the probability of a person living at home[@r22]^)^. Moreover, MacNeill et al.[@r23]^)^ reported both physical function and cognitive status as predictors of returning to one's own home for patients living alone. Therefore, cognitive status such as that included in the FIM cognitive score might be a factor that is necessary to consider for hip fracture patients living alone.

This study has some limitations. First, factors we did not investigate, such as economic status, social support, home and surrounding environment, severity of comorbidities, and pre-fracture status, might be associated with the discharge destination. Second, the limited sample size might have provided insufficient capability to examine multiple outcomes and interactions among predictors. Not only the FIM cognitive score but also the FIM motor score and other factors might affect the discharge destination. Therefore, a large cohort study must be conducted to ascertain the factors and cutoff point scores that best differentiate patients discharged to their own residences.

In conclusion, the FIM cognitive score on admission showed good discriminative ability to predict the discharge destination for hip fracture patients living alone. The ROC curves and Youden index for patients discharged to home and those admitted to institutions showed good accuracy, as indicated by good AUC values. A FIM cognitive score of 24 on admission was shown to be useful for classifying patients discharged to home and those admitted to institutions. The information gained from this study is expected to be useful for determining discharge plans and for the setting of treatment goals. However, a larger study must be conducted to ascertain the factors and cutoff point scores that best differentiate patients discharged to home.
